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(57) ABSTRACT

A system and method is provided for enhancing the perfor-
mance of an SCR device, particularly by routinely reducing
the amount of reductant deposits accumulated in an exhaust
gas system, when the reductant is injected at a reduced tem-
perature. The system may include an engine, an exhaust gas
system, an SCR device, an injection device, and a controller
configured to execute the present method. The controller may
be configured to select an initial injection rate and an initial
injection temperature for the reductant; estimate the amount
of'accumulated reductant deposits present within the exhaust
gas system; compare the amount of accumulated reductant
deposits to a threshold amount of reductant deposits allow-
able in the exhaust gas system; and initiate a reductant deposit
burn-off mode when the amount of accumulated reductant
deposits is greater than the threshold amount of reductant
deposits allowable in the exhaust gas system.

20 Claims, 2 Drawing Sheets
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1
SYSTEM AND METHOD FOR ENHANCING
THE PERFORMANCE OF A SELECTIVE
CATALYTIC REDUCTION DEVICE

TECHNICAL FIELD

The present teachings generally include a system and
method for improving the performance of a selective catalytic
reduction device, particularly by routinely reducing the
amount of reductant deposits accumulated in an exhaust gas
system, when the reductant is injected at a reduced tempera-
ture.

BACKGROUND

An exhaust gas after treatment system for a modern diesel
engine exhaust system typically incorporates a selective-cata-
Iytic-reduction (SCR) device. The SCR device is utilized to
reduce NO, gases. The SCR device uses a reductant capable
of reacting with NO, gases to convert the NO, gases into inert
byproducts, i.e., nitrogen and water.

For example, the reductant can be an aqueous solution of
urea, which is injected into the engine’s exhaust stream. Once
the reductant is in the exhaust stream, the reductant is
absorbed into the SCR device, where the catalytic action of
the SCR device ultimately converts NO, gases into the inert
byproducts. Conventionally, urea is injected into the exhaust
stream at temperatures above 250° C. to reduce the accumu-
lation of urea deposits within the exhaust gas system.

SUMMARY

A system and method for improving the performance of a
selective catalytic reduction (SCR) device, particularly
improving the performance of the SCR device by routinely
reducing the amount of reductant deposits accumulated in an
exhaust gas system, when the reductant is injected at a
reduced temperature is provided. The system may include a
soot producing engine of a vehicle, which generates an
exhaust stream. The system may further include an exhaust
gas system in fluid communication with the engine. The sys-
tem may further include an injection device configured to
inject a reductant into the exhaust stream and a selective
catalytic reduction (SCR) device configured to catalytically
convert nitrogen oxide (NO,) gases present in the exhaust
stream into water and nitrogen. The system may further
includes a controller configured to execute the present
method for improving the performance of a selective catalytic
reduction (SCR) device, by routinely reducing the amount of
reductant deposits accumulated in an exhaust gas system,
when the reductant is injected at a reduced temperature.

The controller may be configured to execute the present
method through the following steps. The controller will first
select an initial injection rate and an initial injection tempera-
ture for a reductant. The controller will then initiate the injec-
tion of the reductant into the exhaust gas system via an injec-
tion device, wherein the reductant is injected at the initial
injection temperature and the initial injection rate. The con-
troller will subsequently estimate, via a reductant deposit
module, the amount of instantaneous accumulated reductant
deposits present within the exhaust gas system. Resultantly,
the controller will compare the amount of accumulated reduc-
tant deposits to a predetermined threshold amount of deposits
allowable in the exhaust gas system. Finally, the controller
will initiate a reductant deposit burn-off mode within the
exhaust gas system, when the amount of accumulated reduc-
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tant deposits is greater than the threshold amount of deposits
allowable in the exhaust gas system.

The above features and advantages, and other features and
advantages, of the present invention are readily apparent from
the following detailed description of some of the best modes
and other embodiments for carrying out the invention, as
defined in the appended claims, when taken in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s aschematic illustration of'a vehicle with an engine
and an exhaust gas system;

FIG. 2 is a flow diagram describing an example method of
improving the performance of an SCR device by routinely
reducing the amount of reductant deposits accumulated in an
exhaust gas system, when the reductant is injected at a
reduced temperature;

FIG. 3 is a flow diagram describing a first control action of
the example method; and

FIG. 4 is a flow diagram describing a second control action
of the example method.

DETAILED DESCRIPTION

Referring to the drawings, wherein like reference numerals
refer to like components throughout the several views, FIG. 1
schematically depicts a vehicle 10. The vehicle 10 includes an
internal combustion engine 12, which generates an exhaust
stream 16. The vehicle 10 further includes a controller 50
configured, i.e., programmed and equipped in hardware, to
regulate and coordinate the functions of various components
of the vehicle 10. While a diesel application is described
hereinafter for illustrative consistency, those of ordinary skill
in the art will appreciate that a similar approach may be taken
with respect to other engine designs.

The vehicle 10 includes an exhaust gas system 20 for
treating constituents in the exhaust gas stream 16. In other
words, the exhaust gas system 20 treats the exhaust stream 16.

As shown in FIG. 1, aboard the vehicle 10, combustion of
fuel drawn from a fuel storage tank 18 generates the exhaust
stream 16, which is then processed through the exhaust gas
system 20 and a tailpipe 22. The exhaust stream 16 is emitted
from the engine 12 as a by-product of combustion, and is
removed to the ambient through the exhaust gas system 20.
The exhaust gas system 20 may include a series of exhaust
after-treatment devices, shown as a diesel oxidation catalyst
(DOC) 24, selective catalyst reduction (SCR) device 26, and
a particulate filter 28.

Accordingly, the exhaust gas system 20 includes a passage
for directing the exhaust gas stream 16 from the engine 12
through the series of exhaust gas after-treatment devices 24,
26, 28. Depending on the embodiment, the after-treatment
devices 24, 26, 28 of the exhaust gas system 20 may be
arranged in any desired order. Collectively, the oxidation
catalyst 24, the SCR device 26, and the particulate filter 28
condition the exhaust stream (arrow 16).

The exhaust after-treatment devices 24, 26, 28 are
employed to reduce various exhaust emissions of the engine
12. In particular, the diesel oxidation catalyst 24 is adapted to
receive the exhaust gas stream 16 from the engine 12 to
oxidize and burn hydrocarbons present in the exhaust steam
16. The SCR device 26 is configured to catalytically convert
nitrogen oxide (NO,) gases present in the exhaust stream 16
into water and nitrogen. Finally, the particulate filter 28 may
be configured to filter particulate matter, i.e., soot, from the
exhaust stream 16 of the engine 12. The particulate filter 28
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may include one or more substrates 30 that define a plurality
of apertures 32 therein, through which the exhaust stream 16
flows. As the exhaust stream 16 passes through the particulate
filter 28, suspended airborne particulate matter may collect on
the substrate 30, where it may be separated from the exhaust
stream 16, i.e., soot loading.

The particulate filter 28 is selectively regenerated to
remove the collected particulate matter. Regeneration of the
particulate filter 28 occurs during a specified regeneration
event, which includes heating the particulate filter 28 to a
temperature sufficient to burn the collected particulate matter
or soot, which converts the particulate matter to carbon diox-
ide. A particulate filter regeneration event is commonly dic-
tated by the presence of a predetermined amount of sooty
particulate matter accumulated in the particulate filter 28 in
excess of a predetermined soot threshold.

Soot accumulation or soot loading may be estimated via
the controller 50, through the selection of an evaluation ele-
ment 34. The evaluation element 34 may be one of measured
differential pressure of the particulate filter 28, a time since a
regeneration of the particulate filter 28, a distance traveled by
the vehicle 10 since a regeneration event of the particulate
filter 28, and an amount of fuel burned by the engine 12 since
a regeneration event of the particulate filter 28.

When the evaluation element 34 is the measured differen-
tial pressure of the particulate filter 28, the measured differ-
ential pressure is the instantaneous pressure drop across the
particulate filter 28. The instantaneous pressure drop across
the particulate filter 28, or the differential pressure (AP), is
evaluated via at least one differential pressure sensor 36, 38.
Accordingly, the exhaust gas system 20 may further include a
first pressure sensor 36 and a second pressure sensor 38. The
first pressure sensor 36 may be disposed at an inlet side 40 of
the particulate filter 28 between the particulate filter 28 and
the SCR device 26. The exhaust gas system 20 may further
include a second pressure sensor 38 disposed at an outlet side
42 of the particulate filter 28.

The first pressure sensor 36 may be configured to transmit
a first pressure reading (arrow 44) to a differential pressure
module 46, and the second sensor 38 may be configured to
transmit a second pressure reading (arrow 48) to the differ-
ential pressure module 46.

The differential pressure module 46 may be in communi-
cation with the first pressure sensor 36 and the second pres-
sure sensor 38. The differential pressure module 46 may be
written on the tangible non-transitory memory of the control-
ler 50. The differential pressure module 46 may further be
configured to determine the difference between the first pres-
sure reading 44 and the second pressure reading 48 and gen-
erate a delta pressure output corresponding to a pressure drop
across the particulate filter 28 between the first pressure sen-
sor 36 and the second pressure sensor 38.

Each of'the first pressure sensor 36 and the second pressure
sensor 38 may be a unitary sensor or gauge connected to the
particulate filter 28. The first and second pressure sensors 36,
38 may be embodied as a pair of pressure taps that individu-
ally read inlet and outlet pressures and calculate the differen-
tial pressure, AP, across the particulate filter 28, as shown, or
alternatively as a signal sensor capable of returning a resultant
AP measurement to the controller 50.

In one example, shown in FIG. 1, following the DOC 24,
the exhaust gas stream 16 is routed to the SCR device 26. In
other words, the SCR device 26 is disposed downstream of
the DOC 24. The SCR device 26 is utilized to reduce NO,
gases in the exhaust stream 16.

The SCR device 26 includes an active catalytic component,
which can be an oxide of a base metal such as one of vana-
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dium, molybdenum, tungsten, and zeolite. A reductant 52 is
injected into the exhaust stream 16 and utilized to convert
NO, gases into inert byproducts within the SCR device 26.
Thereductant 52 is injected into the SCR device 26 within the
exhaust gas system 20 via a dosing module or injector 54. The
reductant 52 is atomized with the exhaust stream 16 utilizing
a mixer 56. As such, the SCR device 26 converts NO, gases,
with the aid of the reductant 52, into inert byproducts, i.e.,
diatomic nitrogen N,, and water H,O.

The reductant 52 can be an anhydrous ammonia, aqueous
ammonia, ammonia precursors, aqueous solution of urea or
any other suitable reductant 52, which is added to the exhaust
stream 16 and absorbed in the SCR device 26. Accordingly,
the reductant 52 accesses the SCR device 26 as the exhaust
gas stream 16, flows through SCR device 26. As the exhaust
stream 16 passes through the SCR device 26, the reductant 52
interacts with the exhaust gas stream 16 via a chemical reac-
tion, to reduce NO, gases present in the exhaust gas stream 16
as it passes through the exhaust gas system 20.

The exhaust gas system 20 may further include a plurality
of NO, sensors 58, 60, namely a first NO, sensor 58 and a
second NO_ sensor 60, which may be configured to detect the
amount of NO, gases present in the exhaust stream 16 at
various points within the exhaust gas system 20.

A first NO, sensor 58 may be positioned upstream with
respect to the SCR device 26, such as at the outlet of the
engine 12. Thus, the NO, sensor 58 may be referred to here-
inafter as the upstream NO, sensor 58. The first NO, sensor 58
measures the amount of NO, gases present in the exhaust
stream 16 just after combustion.

A second NO, sensor 60 may be positioned downstream
with respect to the SCR device 26; for instance, just before the
DPF 28 as shown in FIG. 1. Thus, the NO, sensor 60 may be
referred to hereinafter as the downstream NO, sensor 60. The
second NO, sensor 60 measures the amount of NO, gases
present in the exhaust stream 16 after the exhaust stream 16 is
treated with the reductant 52 and has passed through the SCR
device 26 designed to convert NO, gases, with the aid of the
reductant 52 into inert byproducts, i.e., diatomic nitrogen N,
and water H,O.

Structurally and functionally, the NO, sensors 58 and 60
may be otherwise identical. Each NO, sensor 58, 60 returns
an output NO_ level measurement (arrows 62, 64) to a NO,
conversion efficiency module 68. The NO, conversion effi-
ciency module may be written on the tangible non-transitory
memory of the controller 50. The NO, conversion efficiency
module 68 is configured to determine the NO, conversion
efficiency of the exhaust gas system 20 based on a comparison
ofthe NO, level measurements of each of the respective NOx
sensors 58, 60.

Conventionally, the reductant 52 is injected in the exhaust
stream 16 at temperatures above 200° C. to reduce the accu-
mulation of reductant deposits within the exhaust gas system
20. Such reductant deposits commonly accumulate within a
deposit accumulation zone shown in FIG. 1 at 70, for
example, at the injector 54, at the mixer 56, and/or down-
stream thereof. The accumulation of reductant deposits may
increase as the reductant 52 is injected closer in time to the
start-up of the engine 12 and atreduced exhaust gas system 20
temperatures. The accumulation of reductant deposits may
reduce long-term catalytic performance of the SCR device 26
and the overall exhaust gas system 20.

However, injecting the reductant 52 at lower exhaust gas
system 20 temperatures and loading the SCR device 26 with
a higher reductant 52 dosage can benefit and improve the NO,
conversion efficiency of the exhaust gas system 20, absent the
accumulation of reductant deposits.
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The accumulation of such reductant deposits may be esti-
mated via a reductant deposit module 72. The reductant
deposit module 72 may be a three dimensional look-up table
look-up table expressing the accumulation of reductant
deposits based on each of the initial injection temperature, the
initial injection rate, and an exhaust flow rate through the
exhaust gas system. The reductant deposit module 72 may be
written on the tangible non-transitory memory of the control-
ler 50.

Referring back to the controller 50 described herein above,
the controller 50 may be a stand-alone unit, or be part of an
electronic controller that regulates the operation of the engine
12. The controller 50 may be embodied as a sever/host
machine or distributed system, e.g., a digital computer or
microcomputet, acting as a vehicle control module, and/or as
a proportional-integral-derivative (PID) controller device
having a processor, and tangible, non-transitory memory such
as read-only memory (ROM) or flash memory. The controller
50 may also have random access memory (RAM), electrically
erasable programmable read only memory (EEPROM), a
high-speed clock, analog-to-digital (A/D) and/or digital-to-
analog (D/A) circuitry, and any required input/output cir-
cuitry and associated devices, as well as any required signal
conditioning and/or signal buffering circuitry.

Therefore, the controller 50 can include all software, hard-
ware, memory, algorithms, connections, sensors, etc., neces-
sary to monitor and control the exhaust gas system 20 and the
engine 12. As envisioned herein, the controller 50 may be an
electronic control unit (ECU) that is configured, i.e. pro-
grammed and equipped in hardware, to regulate and coordi-
nate the functions ofthe various components ofthe vehicle 10
as well as receive input signals based on a plurality of selec-
tions from a user, such as a calibrator or programmer of the
vehicle 10. The controller 50 is in electrical communication
with various components of the vehicle 10, such as the first
and second NO, sensors 58, 60, the SCR device 26, and the
particulate filter 28. The controller 50 may also control the
engine 12 and the regeneration cycle of the particulate filter
28, based on the evaluation element 34 and outputs from the
reductant deposit module 72, the NO, conversion efficiency
module 68, and various other sensed information.

In general, computing systems and/or devices, such as the
controller 50, may employ any of a number of computer
operating systems and generally include computer-execut-
able instructions, where the instructions may be executable
by one or more computing devices such as those listed above.
Computer-executable instructions may be compiled or inter-
preted from computer programs created using a variety of
well-known programming languages and/or technologies,
including, without limitation, and either alone or in combi-
nation, Java™, C, C++, Visual Basic, Java Script, Perl, etc. In
general, a processor (e.g., a microprocessor) receives instruc-
tions, e.g., from a memory, a computer-readable medium,
etc., and executes these instructions, thereby performing one
or more processes, including one or more of the processes
described herein. Such instructions and other data may be
stored and transmitted using a variety of known computer-
readable media.

The controller 50 may be configured to execute the present
method 100 to enhance the performance of the SCR device
26, particularly by routinely reducing the amount of reductant
deposits accumulated in the exhaust gas system 20, when the
reductant 52 is injected at a reduced exhaust gas system 20
temperature. The pre-recorded, computer-executable instruc-
tions that define the present method 100 may be written on a
tangible, non-transitory memory of the controller 50.
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As shown in FIG. 2, the present method 100 of improving
the performance of an SCR device 26 may include three steps.
Simply stated, the present method 100 enhances the perfor-
mance ofthe SCR device 26 by routinely reducing the amount
of reductant deposits accumulated in an exhaust gas system
20, when the reductant 52 is injected at a reduced exhaust gas
system 20 temperature. At step 101, the controller 50 selects
an initial injection rate and an initial injection temperature for
the reductant 52. The initial injection temperature is defined
as the temperature of the exhaust gas system 20 when reduc-
tant injection or urea dosing is initiated. Each of the initial
injection rate and the initial injection temperature may each
be a predetermined and calibrated parameter that is input into
the controller 50 by a programmer or calibrator. For example,
the initial injection temperature is intended to be reduced as
allowed by the hardware to enhance the performance of the
SCR device 26 and increase loading of the reductant on the
SCR device 26. The initial injection temperature may range
from about 150° C. to about 250° C.

At step 102, the controller 50 initiates the injection of the
reductant 52 at the selected initial injection rate, when the
initial injection temperature is reached. The reductant 52 is
injected or dosed into the exhaust stream 16 with the dosing
module or injection device 54 (shown in FIG. 1). The reduc-
tant 52 is then atomized with the exhaust stream 16 utilizing
the mixer 56.

At step 103, the amount of accumulated reductant deposits
is estimated by a reductant deposit module 72, written on the
tangible on-transitory memory of the controller 50. The
reductant deposit module 72 estimates the instantaneous
amount of accumulated reductant deposits present within the
exhaust gas system 20, based on the initial injection rate, the
initial injection temperature, and the exhaust flow rate
through the exhaust gas system 20.

At step 104, the controller 50 compares the amount of
accumulated reductant deposits, estimated by the reductant
deposit module 72, to a predetermined threshold amount of
deposits allowable in the exhaust gas system 20. The thresh-
old amount of deposits allowable in the exhaust gas system 20
is a predetermined and calibrated threshold parameter that is
input into the controller 50 by a programmer or calibrator and
written on the tangible non-transitory memory of the control-
ler 50. The threshold amount of deposits allowable in the
exhaust gas system 20 is dependent upon the exhaust gas
system layout and a target NO_ conversion efficiency. The
threshold amount of deposits allowable in the exhaust gas
system 20 is intended to be less than 5% and may be targeted
to be less than 1% of the amount of reductant 52 injected into
the exhaust gas system 20, i.e., the reductant dosing quantity.

At step 105, the controller 50, executes, one of a first
control action 201 and a second control action 202. The
controller 50 executes a first control action 201, when the
amount of accumulated reductant deposits is less than the
threshold amount of deposits allowable in the exhaust gas
system 20. The controller 50 executes a second control action
202, when the amount of accumulated reductant deposits is
greater than the threshold amount of deposits allowable in the
exhaust gas system 20.

As shown in FIG. 3, the first control action 201 may include
two steps. At step 301, the controller 50 continuously com-
pares, i.e., compares once per control loop, the instantaneous
amount of accumulated reductant deposits, estimated by the
reductant deposit module 72, to the threshold amount of
deposits allowable in the exhaust gas system 20, until the
amount of accumulated reductant deposits is equal to or
greater than the threshold amount of deposits allowable in the
exhaust gas system 20.
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Simply stated, the controller 50 performs a loop-type func-
tion, during which the controller 50 continuously compares
estimations from the reductant deposit module 72 to the
threshold amount of deposits allowable in the exhaust gas
system 20, until the amount of deposits accumulated meets
and/or exceeds the threshold amount of deposits allowable in
the exhaust gas system 20.

At step 302, the controller 50 initiates the second control
action 202. The second control action 202 is initiated, when
the amount of accumulated reductant deposits is equal to or
greater than the threshold amount of deposits allowable in the
exhaust gas system 20, i.e., when the reductant deposits
require elimination and/or reduction.

As shown in FIG. 4, the second control action 202 may
include four steps. The second control action 202, sets forth a
method for removing or burning off accumulated reductant
deposits that exceed the threshold amount of deposits allow-
able in the exhaust gas system 20. Deposits may be removed
from the exhaust gas system 20 via an independent burn-off
mode or in conjunction with a particulate filter regeneration
event.

At step 401, the controller 50 selects an evaluation element
34, wherein the evaluation element 34 is the maximum vari-
able of one of measured differential pressure of the particulate
filter 28, a time since a regeneration of the particulate filter 28,
a distance traveled by the vehicle 10 since a regeneration
event of the particulate filter 28, and an amount of fuel burned
by the engine 12 since a regeneration event of the particulate
filter 28.

At step 402, the controller 50 estimates an amount of soot
accumulated in the particulate filter 28 based on the evalua-
tion element 34.

At step 403, the controller 50 compares the amount of soot
accumulated, as estimated in step 402, to a predetermined
threshold amount of soot allowable in the particulate filter 28.
The threshold amount of soot allowable in the particulate
filter 28 may be a predetermined and calibrated parameter
input into the controller 50 by a programmer or calibrator and
subsequently written on the tangible non-transitory memory
of the controller 50. The threshold amount of soot allowable
in the particulate filter 28 may be defined as a percentage of
the maximum soot level of the particulate filter and/or a
percentage of overall soot loading. In one example, the
threshold amount of soot allowable in the particulate filter 28
may be defined as greater than 50% of the maximum soot
level. In another example, the threshold amount of soot allow-
able in the particulate filter 28 may be defined as greater than
90% of the maximum soot level.

At step 404, the controller 50 executes one of a third control
action 501 and a fourth control action 502. The controller 50
executes the third control action 501, when the amount of soot
accumulated is less than the threshold amount of soot allow-
able in the particulate filter 28. The controller 50 executes the
fourth control action 502, when the amount of soot accumu-
lated is equal to and/or greater than the threshold amount of
soot allowable in the particulate filter 28.

Each of the third control action 501 and the fourth control
action 502 include initiating, with the controller 50, a reduc-
tant deposit burn-off mode, in order to reduce or eliminate
reductant deposits present in the exhaust gas system 20. The
reductant deposit burn-off mode comprises an exposure of the
accumulated reductant deposits to an exhaust gas system
cleaning temperature, the exhaust gas cleaning temperature
being a temperature of the exhaust gas system 20 sufficient to
reduce the accumulated reductant deposits injected at the
initial injection temperature.
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The third control action 501 is initiated by the controller
50, when the amount of soot accumulated is less than the
threshold amount of soot allowable in the particulate filter 28,
i.e., a particulate filter regeneration event is not desired. The
third control action 501, resultantly, initiates the reductant
deposit burn-oft mode as an independent cycle, wherein the
only desired function of the cycle is to reduce or eliminate
accumulated reductant deposits within the exhaust gas sys-
tem 20.

The fourth control action 502 is initiated by the controller
50, when the amount of soot accumulated is equal to and/or
greater than the threshold amount of soot allowable in the
particulate filter 28, i.e., a particulate filter regeneration event
is desired within the exhaust gas system 20 to remove or
burn-off the collected particulate matter or soot from within
the particulate filter 28. When a particulate filter regeneration
event is desired, the reductant deposit burn-oft mode may be
initiated in conjunction with the particulate filter regeneration
event. Thus, the fourth control action 502 includes initiating,
with the controller 50, the reductant deposit burn-oft mode
within the exhaust gas system 20 in conjunction with a sched-
uled particulate filter regeneration event. Initiating the reduc-
tant deposit burn-off mode in conjunction with the particulate
filter regeneration event provides a fuel economy benefit to
the vehicle 10.

The reductant deposit burn-off mode comprises an expo-
sure of the accumulated reductant deposits to an exhaust gas
system cleaning temperature, which corresponds to the initial
injection temperature. The exhaust gas system cleaning tem-
perature is a temperature of the exhaust gas system 20 suffi-
cient to reduce the accumulated reductant deposits formed as
a result of reductant 52 injected at the initial injection tem-
perature. The predetermined exhaust gas system cleaning
temperature is generally less than 700° C., as temperatures in
excess thereof may reduce the efficiency and effect of the
SCR device 26.

The exhaust gas system cleaning temperature increases
proportionally with the initial injection temperature. For
example, if reductant 52 is injected at an initial injection
temperature of approximately 150° C. and a reductant deposit
is subsequently formed as a result thereof, the exhaust gas
system cleaning temperature may range from about 400° C. to
about 700° C. In another example, if the reductant 52 is
injected at approximately 200° C. and a reductant deposit is
subsequently formed as a result thereof, the exhaust gas sys-
tem cleaning temperature may range from about 500° C. to
about 700° C. In yet another example, if the reductant 52 is
injected at approximately 250° C. and a reductant deposit is
subsequently formed as a result thereof, the exhaust gas sys-
tem cleaning temperature may range from about 600° C. to
about 700° C. Deposits are cleaned and/or removed more
quickly when exposed to cleaning temperatures at the high
end of each of the respective ranges.

Further, reductant deposits formed at high initial injection
temperatures may still be reduced through exposure to the
reductant 52 subsequently injected at a secondary injection
temperature, when the secondary injection temperature is
lower than the initial injection temperature of the initially
formed accumulated reductant deposits. The reductant 52
injected at the secondary injection temperature forms a film
over the amount of accumulated reductant deposits formed at
the initial injection temperature. The accumulated reductant
deposits having the film formed thereon define an aggregate
reductant deposit nucleation site. Such an aggregate reductant
deposit nucleation site may be reduced and/or removed from
the exhaust gas system 20 through the initiation of the reduc-
tant deposit burn-off mode, which maintains an exhaust gas



US 9,140,170 B2

9

system cleaning temperature sufficient to burn-off the film
formed as a result of injection of the reductant 52 at the
secondary injection temperature.
The ability to routinely reduce and/or remove accumulated
reductant deposits from the exhaust gas system 20, allows for
reductant injection and dosing at lower initial exhaust gas
system temperatures. Injection at lower initial exhaust gas
system temperatures enhances the performance of the SCR
device 26 and the NO_ conversion efficiency of the system, as
NO, reduction may begin closer in time to engine 12 start-up.
The detailed description and the drawings or figures are
supportive and descriptive of the invention, but the scope of
the invention is defined solely by the claims. While some of
the best modes and other embodiments for carrying out the
claimed invention have been described in detail, various alter-
native designs and embodiments exist for practicing the
invention defined in the appended claims.
The invention claimed is:
1. A method of improving the performance of a selective
catalytic reduction (SCR) device of a vehicle having an
engine and an exhaust gas system, the method comprising:
selecting, via a controller, an initial injection rate and an
initial injection temperature for a reductant, the initial
injection temperature defined as the temperature of the
exhaust gas system when the reductant is injected;

initiating, via the controller, an injection of the reductant
into the exhaust gas system via an injection device,
including injecting the reductant at the initial injection
temperature and the initial injection rate;
estimating, via a reductant deposit module, an instanta-
neous amount of accumulated reductant deposits
present within the exhaust gas system based on each of
the initial injection rate, the initial injection temperature,
and an exhaust flow rate through the exhaust gas system;

comparing, with the controller, the amount of accumulated
reductant deposits to a threshold amount of deposits
allowable in the exhaust gas system;

executing, via the controller, a first control action when the

amount of accumulated reductant deposits is less than
the threshold amount of deposits allowable in the
exhaust gas system and a second control action when the
amount of accumulated reductant deposits is greater
than the threshold amount of deposits allowable in the
exhaust gas system;

wherein the first control action includes repeatedly com-

paring, via the controller, the amount of accumulated
reductant deposits to the threshold amount of deposits
allowable in the exhaust gas system until the amount of
accumulated reductant deposits is equal to the threshold
amount of deposits allowable in the exhaust gas system
and initiating the second control action when the amount
of accumulated reductant deposits is equal to the thresh-
old amount of deposits allowable in the exhaust gas
system; and

wherein the second control action includes evaluating, via

the controller, an amount of soot accumulated in a par-
ticulate filter of the exhaust gas system and initiating a
reductant deposit burn-off mode within the exhaust gas
system, wherein the reductant deposit burn-off mode is
defined as an exposure of the accumulated reductant
deposits to an exhaust gas system cleaning temperature,
such that the exhaust gas cleaning temperature is a tem-
perature of the exhaust gas system sufficient to burn off
the accumulated reductant deposits.

2. The method of claim 1 wherein evaluating the amount of
soot accumulated in a particulate filter of the exhaust gas
system includes:
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selecting, via the controller, an evaluation element,
wherein the evaluation element is one of a measured
differential pressure of a particulate filter, a time since a
regeneration event of the particulate filter, a distance
traveled by the vehicle since a regeneration event of the
particulate filter, and an amount of fuel burned by the
engine since a regeneration event of the particulate filter;

estimating, via the controller, an amount of soot accumu-
lated in the particulate filter based on the evaluation
element;

comparing, via the controller, the amount of soot accumu-

lated in the particulate filter to a threshold amount of soot
allowable in the particulate filter;

executing a third control action when the amount of soot

accumulated is less than the threshold amount of soot
allowable in the particulate filter and a fourth control
action when the amount of soot accumulated is greater
than the threshold amount of soot allowable in the par-
ticulate filter.

3. The method of claim 2 wherein the measured differential
pressure is the instantaneous differential pressure measured
across the particulate filter.

4. The method of claim 3 wherein the particulate filter has
apredetermined maximum soot level; and wherein the thresh-
old amount of soot allowable in the particulate filter is 90% of
the predetermined maximum soot level.

5. The method of claim 2 wherein the third control action
includes

initiating, with the controller, a reductant deposit burn-off

mode within the exhaust gas system independent of a
scheduled particulate filter regeneration event.

6. The method of claim 2 wherein the fourth control action
includes:

initiating, with the controller, a reductant deposit burn-off

mode within the exhaust gas system in conjunction with
a scheduled particulate filter regeneration event.
7. The method of claim 1 wherein the exhaust gas cleaning
temperature increases proportionally with an increase in the
initial injection temperature.
8. The method of claim 7 wherein the initial injection
temperature is from about 150° C. to about 250° C.
9. The method of claim 8 wherein the initial injection
temperature is from about 150° C. to about 180° C.
10. A method of improving the function and performance
of a selective catalytic reduction (SCR) device of a vehicle
having an engine and an exhaust gas system, the method
comprising:
selecting, via a controller, an initial injection rate and an
initial injection temperature for a reductant, the initial
injection temperature defined as the temperature of the
exhaust gas system when the reductant is injected;

initiating, via the controller, an injection of the reductant
into the exhaust gas system via an injection device,
including injecting the reductant at the initial injection
temperature and the initial injection rate with the injec-
tion device;
estimating, via a reductant deposit module, an instanta-
neous amount of accumulated reductant deposits
present within the exhaust gas system based on each of
the initial injection rate, the initial injection temperature,
and an exhaust flow rate through the exhaust gas system;

comparing, with the controller, the amount of accumulated
reductant deposits to a threshold amount of deposits
allowable in the exhaust gas system;

executing, via the controller, a first control action when the

amount of accumulated reductant deposits is less than
the threshold amount of deposits allowable in the
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exhaust gas system and a second control action when the

amount of accumulated reductant deposits is greater

than the threshold amount of deposits allowable in the
exhaust gas system;

wherein the first control action includes repeatedly com-

paring, via the controller, the amount of accumulated
reductant deposits to the threshold amount of deposits
allowable in the exhaust gas system until the amount of
accumulated reductant deposits is equal to the threshold
amount of deposits allowable in the exhaust gas system
and initiating the second control action when the amount
of accumulated reductant deposits is equal to the thresh-
old amount of deposits allowable in the exhaust gas
system; and

wherein the second control action includes:

initiating, with the controller, the injection of the reduc-
tant into the exhaust gas system via the injection
device, including injecting the reductant at a second-
ary injection temperature and a secondary injection
rate, to form a film on the accumulated amount of
reductant deposits, thereby defining an aggregate
reductant deposit nucleation site; and

initiating, with the controller, a reductant deposit burn-
off mode within the exhaust gas system, wherein the
reductant deposit burn-off mode is defined as an expo-
sure of the aggregate reductant deposit nucleation site
to an exhaust gas cleaning temperature sufficient to
burn-off the aggregate reductant deposit nucleation
site.

11. The method of claim 10 wherein the exhaust gas clean-
ing temperature sufficient to burn-off the aggregate reductant
deposit nucleation site is the exhaust gas cleaning tempera-
ture sufficient to burn-off the film.

12. The method of claim 11 wherein the secondary injec-
tion temperature is less than the initial injection temperature,
and wherein the exhaust gas cleaning temperature increases
proportionally with an increase in the secondary injection
temperature.

13. A system for improving the performance of a selective
catalytic reduction (SCR) device of a vehicle, the system
comprising:

an engine that generates an exhaust stream;

an exhaust gas system in fluid communication with the

engine, wherein the exhaust gas system includes:

an injection device configured to inject a reductant into
the exhaust stream;

a selective catalytic reduction (SCR) device configured
to catalytically convert nitrogen oxide (NO,) gases
present in the exhaust stream into water and nitrogen;

a particulate filter configured to remove particulate mat-
ter from the exhaust stream; and

a controller, having a processor and tangible, non-transi-

tory memory on which is recorded instructions, wherein

executing the recorded instructions causes the processor
to:

select an initial injection rate and an initial injection
temperature for a reductant, the initial injection tem-
perature defined as the temperature of the exhaust gas
system when the reductant is injected;

initiate the injection of the reductant into the exhaust gas
system, via an injection device, wherein the reductant
is injected at the initial injection temperature and the
initial injection rate;

estimate, with a reductant deposit module, an amount of
instantaneous accumulated reductant deposits present
within the exhaust gas system, based on each of the
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initial injection rate, initial injection temperature, and
an exhaust flow rate through the exhaust gas system;
compare the amount of accumulated reductant deposits
to a threshold amount of deposits allowable in the
exhaust gas system; and
initiate a reductant deposit burn-off mode within the
exhaust gas system, wherein the reductant deposit
burn-off mode is defined as an exposure of the accu-
mulated reductant deposits to an exhaust gas system
cleaning temperature, such that the exhaust gas clean-
ing temperature is a temperature of the exhaust gas
system sufficient to burn oft the accumulated reduc-
tant deposits.

14. The system of claim 13 wherein the exhaust gas clean-
ing temperature increases proportionally with the increase of
the initial injection temperature.

15. The system of claim 14 wherein the initial injection
temperature is from about 150° C. to about 250° C.

16. The system of claim 15 wherein the initial injection
temperature is from about 150° C. to about 180° C.

17. The method of claim 2 wherein initiating the reductant
deposit burn-off mode within the exhaust gas system further
includes:

initiating, with the controller, the injection of the reductant

into the exhaust gas system via the injection device,
including injecting the reductant at a secondary injection
temperature and a secondary injection rate, to form a
film on the accumulated amount of reductant deposits,
thereby defining an aggregate reductant deposit nucle-
ation site; and

wherein the reductant deposit burn-off mode is further

defined as an exposure of the aggregate reductant
deposit nucleation site to an exhaust gas cleaning tem-
perature sufficient to burn-off the aggregate reductant
deposit nucleation site, wherein the exhaust gas cleaning
temperature sufficient to burn-oft the aggregate reduc-
tant deposit nucleation site is the exhaust gas cleaning
temperature sufficient to burn-off the film.

18. The method of claim 17 wherein the secondary injec-
tion rate is less than the initial injection rate, and wherein the
exhaust gas cleaning temperature increases proportionally
with an increase in the secondary injection temperature.

19. The system of claim 13 wherein the initiating the reduc-
tant deposit burn-oft mode within the exhaust gas system
further includes:

initiating, with the controller, the injection of the reductant

into the exhaust gas system via the injection device,
including injecting the reductant at a secondary injection
temperature and a secondary injection rate, to form a
film on the accumulated amount of reductant deposits,
thereby defining an aggregate reductant deposit nucle-
ation site; and

wherein the reductant deposit burn-off mode is further

defined as an exposure of the aggregate reductant
deposit nucleation site to an exhaust gas cleaning tem-
perature sufficient to burn-off the aggregate reductant
deposit nucleation site, such the exhaust gas cleaning
temperature sufficient to burn-oft the aggregate reduc-
tant deposit nucleation site is the exhaust gas cleaning
temperature sufficient to burn-off the film.

20. The method of claim 19 wherein the secondary injec-
tion rate is less than the initial injection rate, and wherein the
exhaust gas cleaning temperature increases proportionally
with an increase in the secondary injection temperature.
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